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Edited by Felix WielandAbstract a-Crystallin is one of the major protein components in
mammalian lens ﬁber cells. It is composed of aA and aB subunits
that have structural homology to the family of mammalian small
heat shock proteins. Horwitz ﬁrstly characterized native a-crys-
tallin as a molecular chaperone in vitro based on its ability to
prevent heat-induced aggregation of lens proteins and enzymes.
Andley et al. cloned and expressed human aA-crystallin in Esch-
erichia coli and conﬁrmed its chaperone activity by suppression
of thermal aggregation and singlet oxygen-induced opaciﬁcation.
Although aA-crystallin acts as a chaperone protein, there is no
report showing on its ability to protect enzymes against thermal
inactivation. Here, we present data showing that aA-crystallin
can prevent thermal inactivation of CpUDG that catalyzes uracil
removal from DNAs.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Thermostability1. Introduction
The major components of the mammalian lens ﬁber cells are
a-, b-, and c-crystallins. The crystallins contribute to the trans-
parency and refractive power of the lens by short-range interac-
tions among themselves and cytoskeletal elements in a highly
concentrated matrix [1–3]. a-Crystallin, which constitutes up
to half dry mass of mammalian lens, is composed of aA and
aB subunits [4]. a-Crystallin was found to have sequence
homology to the small heat-shock proteins of Drosophila [5].
Further investigations demonstrated that a-crystallin was func-
tionally similar to the small heat-shock proteins [6]. Its ability
to suppress heat-induced aggregation of lens proteins and some
enzymes indicated that it has limited chaperone activity. The
chaperone activity of a-crystallin was conﬁrmed with other as-
says in vitro, including its ability to prevent insulin B aggrega-
tion caused by disulphide bond reduction, UV-induced
aggregation of proteins and inactivation of enzymes by sugars,Abbreviations: AP site, apurinic/apyrimidinic site; BSA, bovine serum
albumin; b-ME, b-mercaptoethanol; CpUDG, Chlamydia pneumoniae
uracil DNA glycosylase; EDTA, ethylenediaminetetraacetic acid;
IPTG, isopropyl-1-thio-b-D-galactopyranoside
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crystallin was thought to be very important to ensure the lens
remain transparent for many decades of an individuals life [13].
When lens crystallins or enzymes were heated with a-crystal-
lin, a new high weight complex could be detected by HPLC
[14]. Further analysis by SDS–PAGE showed that the complex
was composed of a-crystallin and other lens crystallins or en-
zymes [15]. It had been assumed that enzymes in the complex
were no longer in their correct tertiary structures and they had
no activities [16]. However, there are some conﬂicting reports
in the literature. Jacob et al. [17] found that aB-crystallin could
protect a-glucosidase against thermal inactivation. Hook and
Harding [13] demonstrated that a-crystallin was able to pro-
vide statistically signiﬁcant and speciﬁc protection against cat-
alase thermal inactivation at stoichiometrical concentrations.
In 1996, Andley et al. [18] expressed human aA-crystallin in
Escherichia coli strain JM101 and conﬁrmed its chaperone
activity to suppress thermal aggregation and singlet oxygen-
induced opaciﬁcation of proteins. However, there is no report
showing on its ability to protect enzymes against thermal inac-
tivation. In this report, we present data showing that aA-crys-
tallin is able to provide signiﬁcant and speciﬁc protection
against Chlamydia pneumoniae uracil DNA glycosylase
(CpUDG) thermal inactivation. CpUDG is a DNA repair pro-
tein that removes uracil residues in DNAs caused by misincor-
poration of dUMP during replication [19]. Little enzymatic
activity was remained if the enzyme was incubated at 50 C
for 10 min [19]. Recombinant human aA-crystallin appeared
to protect enzymatic activity of CpUDG eﬃciently as high
enzymatic activity was observed when CpUDG was incubated
with aA-crystallin at 50 C. Protection of CpUDG against
thermal inactivation by aA-crystallin was found to be concen-
tration dependent.2. Materials and methods
2.1. Materials
Oligonucleotides, RNA isolation kit and RT-PCR ampliﬁcation kit
were obtained from Shenneng Bocai Company (Shanghai, China).
Gateway cloning kit was purchased from Invitrogen. E. coli strains
BL21 (DE3) and Ni-NTA HisBind Resin were the products of Nova-
gen. PEG3350 was from Sigma–Aldrich. CpUDG was prepared
according to the reported procedure [19]. All other chemicals and re-
agents were of analytical grade.
2.2. Construction of the expression plasmid pDEST17-aA-crystallin
According to the manual oﬀered by the manufacturer (Shenneng Bo-
cai, Shanghai, China), total RNAs were isolated from human leuko-
cytes and reverse transcription-PCR was performed using forwardblished by Elsevier B.V. All rights reserved.
Fig. 1. Analysis of fractions recovered from E. coli extracts by 20%
SDS–PAGE. The gel was stained with Commassie blue R-250. Lane 1,
total extracts of uninduced E. coli BL21(DE3) carrying plasmid
pDEST17-aA-crystallin; lane 2, total extracts of E. coli BL21(DE3)
carrying plasmid pDEST17-aA-crystallin induced by 1 mM IPTG at
37 C for 6 h; lane 3, human aA-crystallin puriﬁed from bacterial
extracts; lane M, molecular weight marker.
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TGACCATCCAGCAC-3 0, and reverse primer 5 0-CCACTTTGTAC-
AAGAAAGCTGGGTTTAGGACGAGGGAGCCGAGG-30 (under
lined sequences were added for recombination). The ampliﬁed DNA
fragments encoding human aA-crystallin were cloned into Gatewaye
pDEST17 plasmid according to the venders protocol (Invitrogen,
USA). The expression plasmid pDEST17-aA-crystallin was conﬁrmed
by DNA sequencing.
2.3. Expression and puriﬁcation of human aA-crystallin
E. coli BL21(DE3) cells transformed with plasmid pDEST17-aA-
crystallin were grown at 37 in LB medium containing 50 lg/ml ampi-
cillin to an OD600 of 0.8. Human aA-crystallin was induced at 37 C
for 6 h by 1 mM isopropyl-1-thio-b-D-galactopyranoside (IPTG).
The cells from 1 l culture were harvested and lyzed in 30 ml lysis buﬀer
(100 mM NaH2PO4, 10 mM Tris–HCl, pH 8.0, and 6 M guanidine
hydrochloride). After centrifugation at 12000 rpm for 45 min, the clar-
iﬁed extracts were loaded onto a Ni–NTA resin column (3 ml resin,
2.5 cm high) pre-equilibrated with lysis buﬀer. The column was washed
with 50 ml wash buﬀer (100 mM NaH2PO4, 10 mM Tris–HCl, pH 6.3,
and 8 M urea) and eluted with 5 ml elution buﬀer (100 mM NaH2PO4,
10 mM Tris–HCl, pH 8.0, 8 M urea, and 400 mM imidazole) at a ﬂow
rate of 12 ml/h. The eluted fractions containing human aA-crystallin
were pooled and dialyzed extensively against buﬀer I [20 mM Tris–
HCl, pH 8.0, 50 mM NaCl, 1 mM ethylenediaminetetraacetic acid
(EDTA), 5 mM b-mercaptoethanol (b-ME), and 8 M urea] to remove
imidazole. The protein solution was adjusted to 2 mg/ml in buﬀer I and
PEG 3350 was added to 0.8%. Two milliliter of protein solutions was
diluted slowly at 4 C with buﬀer II (20 mM Tris–HCl, pH 8.0, 50 mM
NaCl, 1 mM EDTA, and 5 mM b-ME) until the ﬁnal concentration of
urea was 0.5 M. Extensive dialysis was performed at 4 C with 100 vol-
umes of buﬀer II to remove urea and PEG 3350 using a 8 kDa cutoﬀ
dialysis membrane. The protein solutions were cold-dried in Heto-Dry-
winner (Heto-Holten, Denmark). The dried proteins were dissolved in
2 ml ddH2O followed by dialysis against storage buﬀer (20 mM Tris–
HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA, 5 mM b-ME, and 50% glyc-
erol).
2.4. Chaperone activity assay
Oligonucleotide S, 32P-CGCGTCGCTCTGUCGTTGCGTCGT-
TCT, was used as the substrate of CpUDG-catalyzed reaction.
CpUDG-catalyzed reaction was performed as described by Liu et al.
[19] with some minor modiﬁcations. The molecular weights of recom-
binant CpUDG and recombinant aA-crystallin are about 29.6 and
22.5 kDa, respectively. All CpUDG catalyzed reactions were per-
formed in 10 ll solutions containing 20 mM Tris–HCl, pH 8.0,
50 mM NaCl, 1 mM EDTA, 5 mM b-ME, 0.6 lM oligonucleotide S
(10000 cpm/pmol) and 20 nM CpUDG. aA-crystallin was included
in CpUDG catalyzed reactions to determine the eﬀects of human
aA-crystallin on the reactions. The reactions were carried out at diﬀer-
ent temperatures. The eﬀects of human aA-crystallin on the thermosta-
bility of CpUDG were determined by CpUDG-catalyzed reactions at
37 C, in which CpUDG proteins were preincubated with aA-crystallin
in 20 mM Tris–HCl, pH 8.0, 50 mMNaCl, 1 mM EDTA, 5 mM b-ME
at diﬀerent temperature. The reactions were terminated with 0.1 M
NaOH. After incubation at 95 C for 15 min to break down the phos-
phodiester backbone at the apurinic/apyrimidinic (AP) sites, the
CpUDG catalyzed reaction mixtures were separated by 20% PAGE–
8M urea. The radioactivity on the gel was monitored with a Phosphor-
imager FLA5000 (Fuji, Japan).Fig. 2. Eﬀects of recombinant human aA-crystallin on CpUDG-
catalyzed reactions at 50 C. 10 ll reaction solution contained 20 mM
Tris–HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA, 5 mM b-ME, 0.6 lM
oligonucleotide S (10000 cpm/pmol), 20 nM CpUDG and diﬀerent
amounts of aA-crystallin. The reactions were carried out at 50 C and
terminated with 0.1 M NaOH. Incubation at 95 C for 15 min was
performed to break down the phosphodiester backbone at AP sites.
(A) 20% PAGE–8 M urea analysis of CpUDG-catalyzed reactions in
the presence of diﬀerent concentrations of aA-crystallin at 50 C for
20 min. The amounts of human aA-crystallin added and uracil
removal eﬃciencies were described in the upper. (B) Initial rates of
CpUDG-catalyzed reactions at 50 C were plotted versus the molar
ratio of aA-crystallin to CpUDG.3. Results and discussion
3.1. Cloning and expression of human aA-crystallin
E. coli BL21 (DE3) carrying pDEST17-aA-crystallin could
express human A-crystallin eﬃciently. After Ni–NTA resin
aﬃnity puriﬁcation and refolding according to the procedure
described in Section 2, 50 mg human A-crystallin was obtained
from 1 l culture. The molecular weight of the puriﬁed aA-crys-
tallin was about 23 kDa on 20% SDS–PAGE, which was con-
sistent with the deduction from the coding sequence (Fig. 1).3.2. Eﬀects of recombinant human aA-crystallin on CpUDG
catalyzed reactions
Only 8% uracil removal was detected if CpUDG catalyzed
reactions without human aA-crystallin were performed at
50 C for 20 min. However, the eﬃciencies of uracil removal
increased greatly at the same condition if aA-crystallin was in-
cluded in the reactions (Fig. 2A). Uracil removal eﬃciencies
were 67.87%, 81.72%, 85.24%, 92.65%, 92.51%, 93.43% or
Fig. 4. Temperature eﬀects on CpUDG-catalyzed reactions. CpUDG-
catalyzed reactions were performed in 10 ll reaction solution contain-
ing 20 mM Tris–HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA, 5 mM
b-ME, 0.6 lM oligonucleotide S (10000 cpm/pmol), 20 nM CpUDG
and 2 lM aA-crystallin or BSA. The reaction temperatures were 20,
25, 30, 37, 40, 45, 50, 55 and 60 C, respectively.
Y. Zhang et al. / FEBS Letters 579 (2005) 2897–2900 289994.31% when 0.25, 0.5, 1, 2, 3, 4 or 5 lM aA-crystallin were
included in the reactions, respectively (Fig. 2A). When molar
ratios of aA-crystallin to CpUDG were 12.5, 25, 50, 100,
150, 200 or 250, the initial rates of CpUDG catalyzed reactions
were 3.9, 4.8, 5.5, 6.7, 6.9, 7.0 or 7.1 times of those incubated in
the absence of aA-crystallin, respectively (Fig. 2B). These re-
sults indicated that the protection of CpUDG enzymatic activ-
ity by aA-crystallin was dose-dependent and 100 molar ratio of
aA-crystallin to CpUDG could provide eﬃcient protection in
the experimental conditions.
3.3. Eﬀects of recombinant human aA-crystallin on the
thermostability of CpUDG
CpUDG-catalyzed reactions were performed at 37 C with
the CpUDG protein that was preincubated in the presence
of aA-crystallin or bovine serum albumin (BSA) at diﬀerent
temperature. The initial rates were measured to determine
the remained enzymatic activity. The enzymatic activity of
CpUDG decreased sharply when CpUDG was preincubated
in the absence of aA-crystallin at 45 C or higher. This indi-
cated CpUDG was a thermolabile protein. Nevertheless, the
enzymatic activity of CpUDG could be maintained if the pro-
tein was preincubated in the presence of aA-crystallin at 45
and 50 C (Fig. 3). These results indicated that thermal inacti-
vation of CpUDG could be alleviated by aA-crystallin. How-
ever, neither aA-crystallin nor BSA could protect the
enzymatic activity of CpUDG eﬃciently at 60 C (Fig. 3).
3.4. Temperature eﬀects on CpUDG-catalyzed reactions in
presence of aA-crystallin
As CpUDG incubated with aA-crystallin was still highly ac-
tive at high temperature, we wondered whether CpUDG-cata-
lyzed reaction incubated in the presence of aA-crystallin could
be accelerated at high temperature. We then observed the ini-
tial rates of CpUDG catalyzed-reactions in the presence or ab-Fig. 3. Eﬀects of recombinant human aA-crystallin on the thermo-
stability of CpUDG. Pretreatment of CpUDG was performed in the
mixture containing 20 mM Tris–HCl, pH 8.0, 50 mM NaCl, 1 mM
EDTA, 5 mM b-ME, 40 nM CpUDG and 4 lM aA-crystallin or BSA
at diﬀerent temperature for diﬀerent time. Initial rates of uracil
removal reactions catalyzed by the pretreated CpUDG protein were
determined at 37 C in 20 mM Tris–HCl, pH 8.0, 50 mM NaCl, 1 mM
EDTA, 5 mM b-ME, 0.6 lM oligonucleotide S (10000 cpm/pmol),
20 nM pretreated CpUDG. CpUDG-catalyzed reactions were termi-
nated with 0.1 M NaOH. Incubation at 95 C for 15 min was
performed to break down the phosphodiester backbone at AP sites.sence of 2 lM aA-crystallin at diﬀerent temperature (Fig. 4).
The initial rates were plotted versus reaction temperatures.
Similar initial rates were observed when the reactions were car-
ried out at 37 C or lower, suggesting that aA-crystallin were
not involved in the reactions. The initial rates of uracil removal
dropped sharply at 45 C or higher if no aA-crystallin was in-
cluded in the reactions. The initial rates of the reactions incu-
bated in the presence of aA-crystallin declined much slower
than those incubated in the absence of aA-crystallin when
the reaction temperature increased over 37 C. However, all
the initial rates of uracil removal reactions in the presence of
aA-crystallin at 40, 45, 50 and 55 C were lower than the initial
rate at 37 C (Fig. 4). The initial rate at 37 C was about two
times higher than the initial rate incubated in the presence of
aA-crystallin at 50 C (Fig. 4). This result demonstrated that
aA-crystallin could not accelerate the uracil removal reactions
though it could protect the activity of CpUDG at high temper-
ature. The optimal reaction temperature was still 37 C.
Many molecular chaperones can prevent proteins from
aggregation or misfolding. However, only few of them can
protect enzymes against thermal inactivation [13,17]. Though
a-crystallin, which was composed of aA and aB subunits,
could suppress heat-induced aggregation of lens proteins and
some enzymes, the a-crystallin-enzyme complex did not con-
tain enzyme activity implying that a-crystallin could not pro-
tect enzymes against thermal inactivation [7,20]. However,
our results clearly demonstrated that aA-crystallin, one sub-
unit of a-crystallin, was able to provide protection of CpUDG
against thermal inactivation. When the reaction temperature
was 45 C or higher, the presence of aA-crystallin suppressed
the thermal inactivation of CpUDG eﬃciently. Moreover,
the protection of CpUDG provided by aA-crystallin was sig-
niﬁcantly dose-dependent when the reaction temperature was
50 C. If CpUDG was preincubated alone at 50 C for ten
minutes, little uracil removal was detected at 37 C even re-
combinant human aA-crystallin was added (data not shown).
This result demonstrated that aA-crystallin could not promote
the functional refolding of CpUDG after the enzyme had
undergone a period of thermal stress in the absence of aA-crys-
tallin, which was in accord with the result obtained by Hook
and Harding [13].
The mechanisms of chaperone activity are not completely
understood for a-crystallin and aA-crystallin. Our experiments
demonstrated that though aA-crystallin could protect
CpUDG against thermal inactivation, the reaction rate of ura-
cil removal catalyzed by CpUDG at 45, 50 and 55 C in the
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possible that aA-crystallin or its polymer combined with
CpUDG so that the spacial barrier was formed to enhance
the spacial resistance around the enzyme. This spacial resis-
tance might be temperature related. Another possibility was
that there was structural distortion or limited aggregation hap-
pened to the enzyme. According to Andley et al. [18] a high
weight complex aggregated by aA-crystallin with a molecular
weight about 540 kDa was detected after heat treatment. In
our experiment, 100 moles of aA-crystallin could protect one
mole CpUDG at 50 C eﬃciently. It was possible that the mol-
ecules of aA-crystallin environed CpUDG to protect the en-
zyme. However, the enzyme in this microenvironment had
less opportunity to react with the substrates. This might be
the reason to explain the uracil removal rate in presence of
aA-crystallin at 50 C was slower than that at 37 C. Little
protective eﬀects were observed at 60 C suggesting that the
complex between aA-crystallin and CpUDG proteins was
probably disrupted at this temperature.
Recent work indicated that the expression of aA-crystallin
enhanced lens epithelial cell growth and resistance to stress
conditions [21]. The expression of aA-crystallin in a variety
of tissues outside the lens and its ability to prevent thermal
aggregation of proteins and to keep some enzymes activities
suggested that it had general cellular functions over and above
its role in lens [22]. Our result clearly demonstrated that aA-
crystallin could protect CpUDG enzymatic activity against
thermal inactivation. The conclusion also indicates that aA-
crystallin can be a promising candidate in protecting the activ-
ities of other thermolabile enzymes during heat treatment.
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